This study examined the non-medical factors that influence expectant mothers to opt for caesarean deliveries in Ghana. Data on 395 expectant mothers across the ten regions of Ghana who were located in urban, semi-rural and rural areas, and spanned a period of five years (from 2012 to 2016) were obtained from the Ghana Health Service. In fitting the logistic regression model, data on 355 expectant mothers (i.e. 89.9% of the data) was assigned to the analysis sample while 40 (i.e. 10.1%) was assigned to the hold-out sample. The hold-out sample together with other statistical measures of overall model fit, pseudo R 2 measures and classification accuracy were used to validate the results obtained from the analysis sample. Significance was tested at p = 0.05. Determinants including, educational level of expectant mother, parity of expectant mother, baby's birth weight, previous caesarean delivery, location of expectant mother, age of expectant mother and, period within the year of childbirth had a significant effect on caesarean delivery. The study recommended that health practitioners should be able to foretell expectant mothers who are likely to undergo caesarean delivery in order for them to prepare financially and psychologically to avoid further complications. Due to the significant positive attitude of women towards caesarean delivery rather than normal delivery, it is necessary to inform them about the advantages of normal delivery and the health hazards associated with caesarean delivery to the mother and child.
Introduction
An estimated 18.5 million caesarean procedures are carried out annually in the world and 3.6% of the procedures are performed without any medical or surgical indications [1] . With about one in every three babies born surgically, caesarean delivery is the most frequently performed abdominal surgery in recent years mainly to protect the health of the mother [2] .
So far, the prevalence of caesarean deliveries in many countries is considerably higher than the acceptable threshold announced by the World Health Organization (WHO), which is 10% -15% of all births [3] . Studies have revealed that when caesarean section rates rise towards 10% across a population, the number of maternal and newborn deaths decreases but when the rate goes above 10%, there is no evidence that mortality rates improve [4] .
The rate of caesarean delivery in the world has increased from less than 7% in 1970 to more than 35% in 2013. In the U.S., the rate of this surgery has increased annually since 1997 and reached 45.9% in 2013. This measure was relatively lower in Africa; that is, around 30% of all deliveries were carried out through caesarean delivery [5] . Caesarean birth rates exceeding the standard 15 per 100 births cost the health care systems of many developed and developing countries.
Increased costs due to caesarean surgery are related to surgical costs, longer hospital stays, direct delivery costs and post-surgical complications [6] . In the year 2008 alone, about 6.2 million avoidable caesarean deliveries were performed and the corresponding economic cost associated with such operations was estimated at $2.3 billion [7] . Moreover, high cost of caesarean procedures may result in catastrophic health expenditure for families and exert additional pressure upon overburdened health systems particularly in low and middle income countries [8] .
The use of caesarean delivery is limited in the African health facilities probably due to resource constraints, cultural values, fear of suffering and wrong perceptions of womanhood. Spontaneous vaginal delivery is the commonest mode of delivery globally, particularly in remote areas of resource constrained countries like Ghana and other developing countries where modern healthcare is limited. For most expectant mothers, vaginal delivery is viewed as a normal, healthy and a natural mode of delivery, which makes them experience womanhood [9] .
Considerable debate has been generated by rising rates of caesarean deliveries and other obstetric interventions. Part of the debate is to try and explain why these changes are occurring. Although caesarean section is the preferred mode of delivery for some mothers, the rate of caesarean section deliveries has increased to more than 50% in some countries, even though the WHO has emphasized that caesarean deliveries be performed only based on the indication. It has been established that serious complications or even deaths are more likely to occur following caesarean delivery compared with spontaneous vaginal deliveries [10] .
A review of 79 studies [6] comparing outcomes of elective caesarean sections with vaginal deliveries, including both observational studies and randomized trials and suggested that caesarean deliveries may have substantially greater risks than vaginal deliveries. Mortality and disability rates were reported to be respectively, 23 and 5 -10 times higher in caesarean delivery compared with vaginal deliveries. Additionally, the infant mortality rate in caesarean delivery is 4 times higher compared with that in vaginal delivery. Furthermore, the risk of primary pulmonary hypertension was 5 times higher among the infants born through caesarean delivery in comparison to those born through vaginal delivery [11] .
Various reasons have been suggested for the increasing rate of caesarean delivery, including the rising maternal age at first pregnancy, technological advances that have improved the safety of the procedure, changes in women's preferences and a growing proportion of women who have previously had a caesarean delivery [10] . One report indicated that maternal age, birth weight and parity are significant predictors of caesarean delivery [12] . Another study employed a stepwise logistic regression to analyze discharge data from three Northeast Tennessee, US, hospitals to ascertain maternal demographic factors that may be linked to higher rates of caesarean deliveries [13] . The study found that there were 1678 (23.3%) singleton live births by caesarean section of which 7.6% were repeat caesarean section deliveries. Less than 1% of the 7181 births were vaginal births after caesarean (VBAC) delivery. The study also revealed that insurance and maternal age were significant predictors of caesarean delivery.
A report revealed that obese patients and those who gain more than 40 pounds (18.2 kg) during pregnancy are less likely to have VBAC delivery [14] .
The same study revealed an inversely proportional relationship between VBAC and Body Mass Index (BMI). One-third of women who have a caesarean delivery will undergo a repeat caesarean delivery [15] . Also, mothers who are 40 years old or more are more likely to have a caesarean delivery compared with mothers who are less than 18 years.
Chaillet and Dumont [16] applied a multi-logistic regression model, when the effects of all co-variables were controlled statistically, probability for using caesarean delivery increased with better socio-economic status, higher education of women, increasing age, decreasing birth order, antenatal attendance and, with presence of bad obstetric history. Another study, a stepwise binary logistic regression analysis was employed to identify the most impact factors on caesarean delivery [17] . The study revealed that 13 out of 21 risk factors were statistically associated with caesarean delivery type. These variables were maternal age at birth, baby birth weight, mother's occupation, husband age at birth, husband occupation, order of birth, pregnant before age 18, pregnancy induced swollen of leg, high blood pressure, death of previous children, a balanced diet during pregnancy, breastfeeding and family planning [17] .
The Department of Reproductive Health and Research of the WHO in recent times has been stressing on the worrying increase in caesarean delivery globally and has called for more research on the reasons for expectant mothers voluntarily opting for caesarean delivery as well as the impact of caesarean delivery on women's psychological and social well-being. Due to the increased cost, high rates of unnecessary caesarean delivery could pull resources away from other services in overloaded and weak health systems [4] . Globally, caesarean deliveries that are possibly medically unnecessary appear to command a disproportionate portion of global economic resources [18] . Caesarean delivery arguably is an obstacle to universal coverage with necessary health services. They [18] further argued that "excess" caesarean delivery can have important negative consequences for health equity both within and across countries. It has, therefore, become imperative for researchers to come out with the non-medical determinants for expectant mothers opting for caesarean delivery to help policy makers formulate policies that would help keep caesarean delivery rates within the WHO recommended range of 10% to 15%.
Although maternal request and the rising maternal age at first pregnancy are the most frequently cited non-medical factors related to increasing caesarean delivery rates [19] , there might be other important non-medical factors that have not been identified or quantified, in the African and, more especially the Ghanaian setting. The aim of this study is to use logistic regression to determine the non-medical predictors of caesarean deliveries using socioeconomic and demographic factors among antenatal and postnatal attendees across the ten regions of Ghana.
In this study, we developed the logistic regression model which was then scrutinized with the three statistical assessment procedures; validation analysis, regression diagnostics and goodness-of-fit measures.
Materials and Methods

Data
Data for this study was secondary data obtained from the Statistics and Information Department of the Ghana Health Service. The data consist of the demographic and socio-economic records of 395 expectant mothers across the ten regions of Ghana who were located in urban, semi-urban and rural areas and had visited the antenatal and postnatal clinics during the years 2012 to 2016.
The secondary data comprise of vital maternal data of interest including, educational level of expectant mother, parity of the expectant mother, birth weight of baby, insurance status of expectant mother, marital status, religion, previous caesarean delivery by expectant mother, ethnic group of expectant mother, age of expectant mother, location of expectant mother, type of health facility delivery took place, period within the year of childbirth, occupation of expectant mother and that of her partner.
The Logistic Regression Model
In this study, the response variable, caesarean delivery, is a binary variable, that is, whether the childbirth was through caesarean or not. Therefore, the logistic regression is a suitable technique to use because it is developed to predict a binary dependent variable as a function of the predictor variables. The logistic regression model is widely used in studies where the dependent variable is binary.
Many studies have used logistic regression to estimate the risk of caesarean delivery [7] .
The logit, in this model, is the likelihood ratio that the dependent variable, non-caesarean delivery, is one (1) as opposed to zero (0), caesarean delivery. The probability, P, of non-caesarean delivery is given by:
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, , , , , are the regression model coefficients
Y is the dichotomous outcome which represents caesarean delivery (whether the childbirth was through caesarean or not). 1 2 , , , K X X X  are the predictor (independent) variables which are educational level of expectant mother, parity of the expectant mother, birth weight of baby, previous caesarean delivery by expectant mother, age of expectant mother, location of expectant mother, and the quarterly period within the year of childbirth.
Determining the Number of Significant Variables to Retain
Working with α-value of 5%, variables with p ≤ 0.05 were treated as statistically significant. Thus, the variables listed at Equation (2) were found to have statistical significance on caesarean delivery. Variables including insurance status of expectant mother, marital status, religion, ethnic group of expectant mother, type of health facility where delivery took place (i.e. whether it is a regional, teaching, municipal hospital or clinic), occupation of expectant mother and that of her husband were found to have no statistical significance on caesarean delivery and hence were not included in the fitted model.
Assessing the Goodness-of-Fit of the Estimated Model
The analysis sample was assigned 89.9% of cases in the dataset in order to obtain a model. The hold-out sample was assigned 10.1% of cases in the dataset to give an "honest" estimate of the ability of the model to predict. Table 1 presents show that the probability of caesarean delivery is higher for babies with birth weight above 3.5 kg than babies with birth weights below 3.5 kg. That is, the relative probability of caesarean delivery decreases by 78.52% for babies with birth weight from 2.5 kg to 3.5 kg and 79.9% for babies with birth weight below 2.5 kg.
Results and Discussions
Data Handling
The location of the expectant mother also influenced the probability of caesarean delivery. The likelihood of caesarean delivery is lower for expectant mothers who live in semi-rural areas (OR = 0.2556, p < 0.001) and rural areas (OR = 0.6286, p < 0.001) relative to expectant mothers who live in urban centres.
That is, the relative probability of caesarean delivery decreases by 74.4% for expectant mothers who live in semi-urban areas and 223.2% for expectant mothers who live in rural areas. Previous caesarean delivery by expectant mother was also identified to have a significant influence on the likelihood of a pregnant woman undergoing another caesarean delivery or not. The probability of caesarean delivery significantly increases with the expectant mother having a medical history of once undergoing caesarean delivery (OR = 3.4021, p < 0.001). That is, the relative probability of caesarean delivery increases by 240.21% for expectant mothers who have once undergone caesarean delivery. All other variables held constant, an expectant mother with history of caesarean delivery is three times more as likely to undergo another caesarean delivery compared to an expectant mother with no history of caesarean delivery.
The age of the pregnant woman was also found to be negatively related to the likelihood of caesarean deliveries. Compared with expectant mothers aged 40 and above, expectant mothers aged 30 to 40 years (OR = 0.3523, p = 0.05), expectant mothers aged 20 to 29 years (OR = 0.3302, p = 0.05) and expectant mothers below 20 years (OR = 0.2883, p = 0.05) are found to have a decreased probability of caesarean delivery. That is the relative probability of caesarean delivery decreases by 64.77% for expectant mothers aged 30 to 40 years, 66.98% for expectant mothers aged 20 to 29 years and 71.17% for expectant mothers below 20 years. This is an indication that the probability of caesarean delivery increases as the age of the expectant mother increases.
The parity of a pregnant woman ( Table 2 ) was estimated to have a significant effect on caesarean delivery. Compared with pregnant women with no parity, expectant mothers with one parity (OR = 3.1861, p = 0.05), two parities (OR = 2.7865, p = 0.05) and three parities (OR = 3.1025, p = 0.05) are characterized by significantly higher probability of not undergoing caesarean deliveries. However, expectant mothers with more than three parities, that is, four or more parities (OR = 5.4184, p < 0.005) are associated with a very higher probability of not undergoing caesarean delivery. That is, compared with a pregnant woman with no parity and, all other variables held constant, expectant mothers with four or more parities are five times more as likely not to undergo caesarean delivery.
The relative probability of not undergoing caesarean delivery increases by 441.84% for expectant mothers with more than four parities and approximately 210.25% for expectant mothers with one to three parities.
Educational level (Table 2 ) has a significant influence on caesarean delivery.
Compared with tertiary education and all other variables held constant, a client
with secondary education (Odds ratio; OR = 4.121, p = 0.05) is four times more as likely not to undergo caesarean delivery while a pregnant woman with primary education (OR = 10.2677, p < 0.001) is almost 11 times more as likely not to undergo caesarean delivery. There is an increase of 312.1% in the relative probability of a pregnant woman with secondary education not to undergo caesarean delivery and 926.77% for pregnant women with primary education.
Interestingly, the period within the year of childbirth also had a significant influence on the likelihood of caesarean delivery. The likelihood of caesarean delivery is higher for childbirths during the last quarter of the year (OR = 4.8867, p < 0.005) relative to the first quarter of the year. All other variables held constant, an expectant mother who delivers during the last quarter of the year is almost five times more as likely to undergo a caesarean delivery compared to an expectant mother who delivers during the first quarter of the year. That is the relative probability of caesarean delivery increases by 388.67% for expectant mothers who deliver in the last quarter (October to December) of the year.
These findings confirm an earlier study [16] who applied multi-logistic regression model and concluded that probability for using caesarean delivery increased with higher education of women, increasing age and decreasing birth order. Again, the findings of the study lend support to the results of Nguyen et al. [15] that mothers 40 years of age and older are more likely to have a caesarean delivery compared with mothers who are less than 18. Our results showed that insurance status has no bearing on the expectant's mother's decision to opt for caesarean delivery. This is in contrast with earlier findings [13] who concluded that insurance status of the expectant mother (in the UK) was a significant predictor of possible caesarean delivery. This point should be understood in the Ghanaian context, in that, insurance is covered by the National Health Insurance Scheme (NHIS), with the provision that any expectant mother should receive the same care whether or not they are registered on the scheme.
The results of this study also confirms the findings by Wong et al. [17] who applied stepwise binary logistic regression analysis to identify the most impact factors on caesarean delivery and concluded that maternal age at birth, baby birth weight and order of birth (parity) were among the most significant contributors to caesarean delivery.
It is not surprising that educational level of expectant mother had a significant influence on caesarean delivery as it is a general perception that educated women are more likely to be informed about the risks and benefits associated with caesarean delivery hence are better positioned to make independent choices compared with those women with a lower level of education whose thoughts are mostly influenced by myths and traditional beliefs surrounding caesarean deliveries. The study authenticated the existing perception in Ghana and most parts of the developing world that caesarean deliveries are for the educated. In these societies, good health care facilities that render the services of caesarean delivery are mostly located in urban centers, so it in line with our findings that the location of expectant mother is a significant contributor to caesarean delivery with more women in urban centres opting for caesarean delivery than their counterparts in the rural centres.
Rising maternal age at first pregnancy is one of the most frequently cited non-medical factor related to increasing caesarean delivery rates globally and this study also confirmed age to have a significant effect on caesarean delivery. This is expected because as an expected mother advances in age her physical and emotional health to undergo vaginal delivery reduces hence the majority of relatively aged pregnant women are likely to opt for caesarean delivery.
Surprisingly, the study found the quarterly period (quarter) within the year of child delivery to have a significant influence on caesarean delivery. The study revealed that the likelihood of caesarean delivery increases as we move from the first quarter of the year through to the last quarter.
Assessing the Model Fit
Three approaches were used in assessing the overall fit of the constructed model:
the statistical measures of overall model fit, pseudo R 2 measures and classification accuracy.
Statistical Measures of Overall Model Fit
The fitted logistic regression model in Table 2 was the model with the minimum Akaike Information Criterion (AIC). It can be observed from Table 2 Table 5 ), indicating that insignificant differences remain between the actual and expected values. This is a strong signal of a good model fit (i.e. well calibrated).
Pseudo R 2 Measures
From Table 6 , it can be observed that the model has a relatively larger pseudo R 2 of 0.723 for the Nagelkerke R 2 and 0.576 for the Cox and Snell R 2 . That is, the fitted model can explain or account for 72.3% of the variation in the dependent variable (caesarean delivery). This is an indication of a good model.
Classification Accuracy
This represents the level of predictive accuracy achieved by the fitted model. It can be observed from the classification table in Table 7 (subheading: Analysis sample) that the fitted model predicted an overall percentage of 82.9% correctly.
That is, 83.6% of the outcome "Yes" of the variable, "Did you undergo caesarean delivery?" is predicted accurately, while 82.2% of the outcome "No" of the variable, "Did you undergo caesarean delivery?" is predicted accurately by the fitted model. Together with the statistically based measures of model fit, the model is deemed acceptable regarding both statistical and practical significance. Open Journal of Applied Sciences 
Results from the Hold-Out Sample
The hold-out sample was used to validate the fitted model in Table 2 . It can be observed from Table 7 (subheading: Holdout sample) that out of 40 respondents in the holdout sample, three were misclassified by the fitted model. It is also evident from the table that the fitted model achieved an overall classification accuracy of 92.5% in the holdout sample indicating a high practical significance of the model.
Conclusions
This study employed the logistic regression model to elucidate the non-medical determinants of caesarean deliveries in Ghana. Educational level of expectant mother, parity of the expectant mother, baby's birth weight, history of previous caesarean deliveries, age of expectant mother, location of expectant mother and period within the year the childbirth occurs were significant determinants of an expectant mother's decision to undergoing caesarean delivery or not. Existing literature on logistic regression suggests that most studies do not report validation analysis, regression diagnostics or goodness-of-fit measures. But this study assessed the model using all the three statistical assessment procedures which yielded similar and complementary results indicating a strong statistical significance and by extension practical significance.
The following recommendations are suggested; health practitioners should be able to foretell expectant mothers who are likely to undergo caesarean delivery in order for them to prepare financially and psychologically to avoid further complications. Due to the positive attitude of women towards caesarean delivery rather than normal delivery, it is necessary to inform them about the advantages of normal vaginal delivery and, also the health hazards which might be caused by caesarean surgery to the mother and child, and the attendant financial costs.
